We have obtained CO(J=2-1) spectra of nine face-on low surface brightness galaxies(LSBGs) using the JCMT 15-meter telescope and observed Hα images using the 2.16-meter telescope of NAOC. As no CO has been detected, only upper limits on the H 2 masses are given. The upper limits of total molecular hydrogen masses are about (1.2-82.4) × 10 7 M ⊙ . Their star formation rates are mainly lower than 0.4 M ⊙ yr
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Introduction
Low Surface Brightness galaxies (LSBGs, ) are important for investigating the evolution of our universe. The origin and evolution of these LSBGs are still mysterious. They have significantly different chemical enrichment histories from normal galaxies (Peebles 2001; Pustilnik et al. 2011) . LSBGs are usually optically faint and blue (de Blok et al. 1995; . The stellar disks of most LSBGs are diffuse. They usually have low metallicities (Z<1/3 Z ⊙ McGaugh (1994)), low column densities (N HI ∼10 20 cm −2 de Blok et al. (1996) ) and low dust masses (Matthews & Wood 2001) . The star formation rates (SFRs) of LSBGs are lower than those of normal galaxies (Gerritsen & de Blok 1999; Boissier et al. 2008; Wyder et al. 2009 ).
According to pervious works, the HI content of most LSBGs is rich, compared with normal star-forming galaxies (McGaugh 1994) . The HI gas disk extends well beyond the stellar disk (McGaugh & de Blok 1997; Gerritsen & de Blok 1999; O'Neil et al. 2004; , and is about double the size of the optical disk (de Blok et al. 1996; Pickering et al. 1997; Das et al. 2007 ).
Although the original material involved in star formation is HI, the star formation is indirectly related with HI. Generally, the star formation arises out of molecular clouds. The low star formation rates in LSBGs may be related to the absence of molecular gas content. The optical peculiarities of LSBGs have been discussed by some works (van der Hulst et al. 1993; McGaugh & Bothun 1994; McGaugh 1994; de Blok et al. 1995; Jimenez et al. 1998) , however, the cold molecular gas in these galaxies is far from well understood. Molecular gas is vital for studying the star formation process. There are some previous works which try to detect the CO content in LSBGs (Schombert et al. 1990; Knezek 1993; de Blok & van der Hulst 1998b; Braine et al. 2000) . Most works just give upper limits on CO content, and only a few LSBGs have detected molecular gas (Matthews & Gao 2001; O'Neil et al. 2003; Matthews et al. 2005; Das et al. 2010; Haynes et al. 2011) . This may indicate a shortage of molecular gas in LSBGs.
To explore the low star formation efficiency of LSBGs, we need to know which phase is dominant during star formation. There are two phases in formation of a star: Firstly, the HI gas transforms into molecular gas, then molecular gas forms -3 -a star. The CO(J=2-1) emission line is used to trace molecular hydrogen gas in this work. We observe the CO(J=2-1) emission line by JCMT, Hα images by the 2.16-meter telescope of NAOC and also combine with NUV data from GALEX and HI data from Arecibo.
In this paper, the sample and observations of LSBGs are presented in §2. Results and analysis are given in §3. Discussion and summary are provided in §4 and §5.
The Sample and Observation of LSBGs

Sample
The Arecibo Legacy Fast ALFA (ALFALFA) survey (Giovanelli et al. 2005) , which covers 7000 deg 2 of high Galactic latitude sky, provides a 21-cm HI emission line spectral database with redshift from 1600 to 18000 kms −1 and velocity resolution of 5 kms −1 . The α.40 catalog is the first released catalog, which covers 40% of the area of the ALFALFA survey and contains 15855 objects (Haynes et al. 2011) . About 78% sources have optical counterparts from the Sloan Digital Sky Survey (SDSS, Haynes et al. (2011) ).
Based on the α.40 catalog, Du et al. (2015) selects a sample of LSBGs which contains 1129 LSBGs with surface brightness µ B(0)obs larger than 22.5 mag/arcsec 2 . We selected nine LSBGs from this sample. They all have face-on disks and their HI masses are about (0.52-19.9) × 10 9 M ⊙ , which are expected to have higher fluxes of CO(J=2-1) emission lines than others in the 1129 LSBGs sample. The redshifts in our sample are between 0.0029 and 0.0339. Generally, the size of the CO disk is about half the size of the optical disk (Young & Knezek 1989 ) and the optical sizes of nine targets are about 30-80 arcseconds. Figure 1 shows r-band images of our nine LSBGs from SDSS DR12. More details about properties of the galaxies are shown in Table 1. -4 -
CO(J=2-1) emission
We obtained CO(J=2-1) spectra of nine targets using the R×A3 receiver with ACSIS as the backend, mounted on the JCMT 15-meter telescope near the peak of Mauna Kea, Hawaii. The half power beam width (HPBW) is about 20
′′ at 230 GHz. The frequency coverage of the A3 receiver ranges from 211.5 to 276.5 GHz and the CO(J=2-1) spectra of our objects shift from 222.99 to 229.86 GHz. The A3 receiver gives 1936 channels over a bandwidth of 1 GHz with a channel separation of 0.516 MHz, and the velocity resolution is 0.674 km/s (one channel).
The targets are finally observed under band 4 weather 6 in March and band 5 weather in August of 2015. In band 4 weather the atmospheric zenith opacity at 225 GHz, as measured with the Water Vapour Monitor (measured in the direction in which the telescope is observing), or the CSO tau meter (measuring in a fixed direction), is between 0.12 and 0.20. In band 5 weather the zenith opacity is between 0.20 and 0.32. The on-source intergration time per scan was 400 seconds and one such scan took 13 minutes. The observation mode was ′ double beam switching
over 60 arcseconds(to both sides with respect to the source). The total integration time of each object is about two hours and eight hours for band 4 weather and band 5 weather, respectively. The data are calibrated by ORAC-DR (Hirst & Cavanagh 2005) data-reduction pipeline 8 using STARLINK software. In Table 2 , columns 2-6 show details about the observations of CO(J=2-1) emission line.
Hα Images
The Hα images of NGC7589 and AGCNr12212 have been observed by van Zee (2000), Epinat et al. (2008) and Subramanian et al. (2016) . The Hα images of other seven LSBGs were observed by the 2.16-meter telescope at Xinglong Observatory, administered by the National Astronomical Observatories, Chinese Academy of Sciences (NAOC). This facility houses the BAO Faint Object Spectrograph and Camera -5 -(BFOSC) (Fan et al. 2016 ) with a 1272×1152 E2V CCD. The field of view is about 9.46 arcmin × 8.77 arcmin. The pixel size is 0.475 ′′ and the gain is 1.08 e/ADU. Each target was observed with a broad band R filter and one narrow band Hα filter. The center wavelength of the R-band filter is 6407Å and the FWHM is 1580Å. According to the different redshifts of objects, we employed Hα filters with different central wavelength of 6660Å,6710Å and 6760Å and FWHM of 70Å. The exposure times are about 600 seconds and 1800 seconds for the R-band and Hα narrow bands, respectively.
The image reduction is performed by using IRAF software and the sky background subtraction applied the more accurate method by Zheng et al. (1999) , Wu et al. (2002) and Du et al. (2015) . The stellar continuum of each Ha image is removed by substracting scaled R-band image. Finally we measured the Ha fluxes of these LSBGs, using the ellipse photometry of IRAF. In Table 2 , columns 7-10 list the details of observations of Hα images. AGCNr102981 is affected by light pollution from a nearby bright star.
Results and Analysis
H 2 Masses
To enhance signal-to-noise, we binned the CO(J=2-1) spectral channels. The final CO(J=2-1) spectral have been smoothed to 15 km/s as shown in Figure 2 . Apparently, None of nine targets are detected CO(J=2-1) content.
To estimate the molecular hydrogen masses, we adopted W 50 as the linewidth. Here, W 50 is the Full Width at Half Maxinum(FWHM) of HI emission line. The W 50 of our targets is about 65-345 km/s. The aperture efficiency η a is 0.61 at 225 GHz, and the conversion from T A in Kelvin to flux density in Jansky is S(Jy) = 15.6 × T A (K)/η a , for JCMT. In this work, the T A is replaced by the 3σ/ √ n, where the σ is the rms noise at native resolution and n is the number of channels to smooth velocity resolution to 15 km/s. Hence, flux densities in Jansky are calculated according to equation: S CO(J=2−1) (Jy) = 15.6 × 3 × σ/ √ n/η a . Here we adopt the R 21 =CO(J=2-1)/CO(J=1-0)=0.7 (Leroy et al. 2009; Schruba et al. 2012 );
-6 -The CO-to-H 2 conversion equation is as follows:
In Equation (1), M H2 is molecular hydrogen mass in M ⊙ and L CO is CO luminosity in K km s −1 pc 2 . In Equation (2), S ′ CO is integrated CO flux density in Jykms −1 . We adopt linewidth W 50 and the resolution 15 km/s, Such S
. ν obs is observation frequency in GHz, D is distance in Mpc and z is redshift.
In different environments, the X CO factor is different. Considering that the conversion factor of CO-to-H 2 increases with decreasing metallicity, X CO is chosen to be 3.162 × 10 20 cm −2 /(Kkms Bolatto et al. (2013) ) which is also the same as previous works (Matthews & Gao 2001; Matthews et al. 2005) . From Equation (1), we can calculate upper limits of molecular hydrogen masses per beam, which are about (0.68-31.6) × 10 7 M ⊙ .
To compare with previous works, we correct the beam size to the CO disk size of our LSBGs. We estimate the upper limits of total molecular hydrogen masses of our sample. The beam filling factors are defined as the ratios between the area of beam and the total area of CO disk which is generally half of the optical disk (Young & Knezek 1989) , and listed in Table 3 . The major-axis of optical disks are given by R band images and listed in the Table 1 . The size of NGC7589 is from Lauberts & Valentijn (1989) . The upper limits of total molecular hydrogen masses are about (1.2-82.4) × 10 7 M ⊙ which are listed in Table 3 . Since the HI disk is more extended in LSBGs, the CO disk may be larger than half of optical disk. The total molecular hydrogen masses may be underestimated in Table 3 . In the following parts of this paper, M H 2 represents the total molecular hydrogen mass.
In Figure 3 , we plot the M HI versus M H 2 including our sample and LSBGs from some previous works. We have calculated the average molecular mass with bin size in 10 0.5 M ⊙ . The average of M H 2 of LSBGs is smaller than those in star forming (SF) galaxies for a given HI mass. We can see that upper limits of M H 2 in our work are consistent with previous works. LSBGs are deficient of the molecular gas compared with these SF galaxies.
-7 -32 nearby gas-rich SF galaxies in Figure 3 are from Jiang et al. (2015) and observed with the Sub-millimeter Telescope (SMT). Their HI masses are from the AL-FALFA catalog. These SF galaxies are intermediate-mass galaxies (<10 10 M ⊙ ). The intermediate-mass galaxies were found to be more gas rich (Blanton & Moustakas 2009) . These galaxies present the low-mass end of main sequence star-forming galaxies. Both the molecular mass of our sample and SF galaxies sample are calculated by the CO(J=2-1) emission line, so the SF galaxies are selected as a comparison sample.
Some reasons could explain the lack of molecular gas in LSBGs. Firstly, metallicity can affect the cooling efficiency of the Interstellar Medium (ISM) which may impact the formation of Giant Molecular Clouds (GMCs). Secondly, dust grains where H 2 forms (Savage & Mathis 1979) can shield molecular gas from photodissociation. The low interstellar medium (ISM) densities make it hard for molecular clouds to form and be maintained.
The low metallicities and low ISM densities in LSBGs can make it either difficult to form H 2 or easy to destroy H 2 .
Star Formation Rates
We adopt Hα luminosity to calculate SFR of our sample. As the dust in LSBGs is usually less, few targets can be detected in 22 µm (WISE W4) band, so we ignore the dust extinction in our sample.
The SFR of AGCNr12212 has been found to be 0.111 M ⊙ yr −1 in the work of van Zee (2000) and 0.056 M ⊙ yr −1 in the work of Epinat et al. (2008) . Six Hα fluxes of LSBGs are available from our observation. We transform Hα fluxes to luminosity using the relation: L = 4 × π × D 2 × F, where D is distance in centimeter and F is Hα flux in erg/s/cm 2 . We employ the following equation to calculate SFR (Kennicutt 1998) :
The derived SFRs are from 0.056 to 0.829 M ⊙ yr −1 .
We also use the NUV-band luminosity to calculate SFR of four sources (AGCNr4528, 110150, 102635, NGC 7589) which have NUV data from GALEX. We adopt the fol--8 -lowing equation (Kennicutt 1998) :
The NUV-based SFRs are 0.146∼1.003 M ⊙ yr −1 , which are systematically larger than those calculated from Hα luminosity. The UV emission is also contaminated by older stars, so this would lead to deriving higher SFR from UV than that from the Hα. All these values are listed in the Table 3 .
In Figure 5 , we show SFR versus HI mass for our sample and black lines connect the same target. We also show another sample of LSBGs in green dots from Boissier et al. (2008) (Burkholder et al. 2001) , they are lower than that of SF galaxies. The low SFRs of our sample are consistent with previous results. The low SFR in LSBGs agrees with the low molecular hydrogen mass.
Star Formation Efficiency
Star formation efficiency (SFE) (Leroy et al. 2008 ) is the ratio of star formation rate to total mass of gas (SFE = SFR / M gas ). M gas is the total gas mass which can be estimated by H 2 mass and HI mass (M H 2 + M HI ).
The SFR and M H 2 of our sample have been calculated in §3.1 and §3.2. M HI is from the ALFALFA catalog listed in Table 2 . Since M H 2 is far smaller than M HI , we adopt M HI to replace M gas . SFE can be calculated by SFR Hα and SFR U V , respectively. SFEs of our LSBGs are (0.165∼1.364) × 10 −10 yr −1 by SFR Hα and (0.471∼1.174) × 10 −10 yr −1 by SFR U V , respectively. The results are shown in Table  3 .
SFEs of LSBGs are lower than 1.364 × 10 −10 yr −1 and are far lower than 5.25 × 10 −10 yr −1 observed in normal spiral galaxies (Leroy et al. 2008 ). Generally, molecular gas is directly related to star formation, so SFE can reflect the efficiency of transforming hydrogen atom to molecular hydrogen. Low SFE may hint that atomic hydrogen produces molecular hydrogen at a low speed. In short, the low SFR and -9 -SFE imply a lack of molecular hydrogen gas in LSBGs and this will be discussed in §4.
Discussion
Comment of Individual Galaxies
AGCNr12289: is a late-type spiral galaxy with a optical disk size of about 35 ′′ and has a potential AGN/LINER core (Schombert 1998 ). There is a supernova (SN2002en) in AGCNr12289. O'Neil et al. (2003) has detected CO(J=1-0,J=2-1) content in AGCNr12289 using the IRAM 30-meter telescope. The M H 2 of AGCNr12289 is about 15.8 × 10 7 M ⊙ using CO(J=2-1) observed by IRAM, which is lower than our upper limit of 41.2 × 10 7 M ⊙ . The ratio of M H 2 /M HI is 0.008 for AGCNr12289.
AGCNr188845,AGCNr102243,AGCNr102635,AGCNr102981: For these galaxies, the optical sizes are about 54 ′′ , 52 ′′ , 46 ′′ and 46 ′′ . From our calculations, the M H 2 /M HI are lower than 0.044, 0.017, 0.048 and 0.018, respectively. The metallicity of AGCNr188845 is 0.01 and 1/2 of solar metallicity. AGCNr102981 is a typical late-type spiral galaxy and the spiral structures are shown in Figure 1 .
AGCNr4528, AGCNr12212, AGCNr110150: The optical sizes of these three galaxies are about 66 ′′ , 62 ′′ and 80 ′′ respectively which indicate that JCMT's beam size is not enough to cover their total CO content. The metallicity of AGCNr4528 is 0.02 and same to solar metallicity. The M H 2 /M HI for these three LSBGs are lower than 0.018, 0.0201 and 0.022 respectively.
NGC7589: The optical size of NGC 7589 is 76
′′ . It is a Seyfert-1 galaxy. The SFR from NUV band is 1.003 M ⊙ yr −1 and its metallicity is 0.04 and twice the solar metallicity. There are some works investigating this galaxy. It is a typical giant LSBG and has type 1 XUV-disk galaxy (Boissier et al. 2008) . The upper limit of M H2 is 8.25 × 10 8 M ⊙ and the ratio of M H 2 /M HI is lower than 0.081.
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M H 2 Versus L 12µm
The 12 µm (WISE W3) band is an effective probe of star formation (Donoso et al. 2012 ) and has a good linear relationship with molecular hydrogen mass for SF galaxies (Jiang et al. 2015) . In this section, we try to explore the relation between molecular gas and 12 µm emission in LSBGs.
Five sources in our sample have 12 µm emission data provided by the WISE ALL-SKY Survey. Figure 4 shows L 12µm versus M H 2 . The blue line in Figure 4 is the relationship between M H 2 (CO J=2−1 ) and luminosity of 12 µm for SF galaxies (Jiang et al. 2015) .
AGCNr12289 and NGC7589 have higher luminosities of 12 µm in Figure 4 . AGNCr12289 has a potential AGN/LINER core and NGC 7589 is a Seyfert 1 galaxy which may cause them to be different from other LSBGs in our sample. The LSBGs show low luminosities of 12 µm and it may mean less dust in LSBGs. For SF galaxies, they always have larger 12 µm luminosities compared with LSBGs.
The Stellar Mass and Gas Content
Six LSBGs of our sample have 3.4 µm (WISE W1) band data. Using the method in Wen et al. (2013) by following Equation (5), we adopt 3.4 µm data to calculate the stellar mass:
As the redshifts of our sample are small, we ignore the k-correction. Their stellar masses are about (1.41-83.17) × 10 8 M ⊙ . LSBGs usually have low masses. The stellar masses of our sample are shown in Table 3 .
The stellar masses of SF galaxies have a different relation with molecular gas and atomic gas. The ratios of M H 2 /M * are almost constant (Jiang et al. 2015) . We are more interested in the relation between stellar mass and gas content of LSBGs. Figure 6 shows the relation between stellar mass M * and gas content in SF galaxies and our LSBG sample. The M H 2 /M * shows a flat trend within the considerable scatter and M HI /M * shows an obvious decline with increasing stellar mass. It seems -11 -that the molecular gas fraction (M H 2 /M * ) is similar in LSBGs and in SF galaxies, although our results just provide upper limits except for the AGCNr12289. Compared with SF galaxies, the stellar mass of our sample is mainly lower than 10 9 M ⊙ excluding the two special galaxies (AGCNr12289 and NGC7589). Stellar masses of AGCNr12289 and NGC7589 may be overestimated by the central AGN.
M H 2 /M HI and SFR/M H 2
HI gas is the original material involved in star formation, and star formation is directly related to molecular gas. The M H 2 /M HI ratio should be different for different galaxies. The gas content could change along the Main-Sequence of starforming galaixes. Other factors,such as metallicity, environment could affect the ratio. Even for the same galaxy, its gas fraction would also change during its different evolutionary phase. In our nine LSBGs, the M H 2 /M HI ratios are less than 0.02. In typically brighter Sd-Sm spirals (Young & Knezek 1989) , the M H 2 /M HI ratio is about 0.2.
In the section 3.1, we have discussed the M HI and M H 2 in SF galaxies and LSBGs. The M H 2 in LSBGs is lower than that in SF galaxies. In this section we compare M H 2 /M HI and SFR/M H 2 in those LSBGs and SF galaxies. We can see that the ratios of M H 2 /M HI in LSBGs are less than those in SF galaxies. The rate of transforming atomic hydrogen to molecular hydrogen in LSBGs is lower than that in SF galaxies. In Section 3.1, we also have discussed the shortage of molecular gas in the special environment of LSBGs. However, CO is more easily photodissociated than H 2 in a metal-poor environment (Wolfire et al. 2010; Shetty et al. 2011 ). Thus, the conversion factor of CO-to-H 2 is usually higher than that in SF galaxies. In this work, we adopt the factor 3.162 × 10 20 cm −2 /(K kms −1 ) to be consistent with previous works. According to the work of Narayanan et al. (2012) , the factor may be larger than 3.16 × 10 20 cm −2 /(K kms −1 ) and up to 15 × -12 -10 20 cm −2 /(K kms −1 ). So, the M H 2 of our sample may be underestimated. Although lacking a detected CO content, it is still possible that M H 2 is underestimated in LSBGs.
Summary
We observed CO(J=2-1) emission lines in nine LSBGs with JCMT and Hα images with the 2.16-meter telescope administered by NAOC. As no CO has been detected, only upper limits on the H 2 masses are given. The upper limits of hydrogen molecular masses are about (1.2-82.4) × 10 7 M ⊙ . Their star formation rates are about 0.056-0.83 M ⊙ yr −1 and 0.146-1.003 M ⊙ yr −1 estimated by Hα and NUV luminosities, respectively. The steller masses are about (0.14-8.31) × 10 9 M ⊙ estimated by the WISE 3.4 µm band. From our results, the M H 2 and stellar mass in LSBGs are lower than those in SF galaxies. Low SFRs in LSBGs may be related to low molecular hydrogen mass, which may indicate low productivity of atomic hydrogen transforming into molecular hydrogen. More direct detection of molecular gas of LSBG is the key to answer the question in the future.
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-18 - (Schombert et al. 1990; de Blok & van der Hulst 1998a; O'Neil et al. 2000; Braine et al. 2000; O'Neil et al. 2003) . Blue squares are SF galaxies from Jiang et al. (2015) . The red and purple diamonds presents the average molecular mass of LSBGs and SF galaxies, respectively. The arrows indicate the upper limits. Neil et al. (2003) and the blue dots are SF galaxies from Jiang et al. (2015) . The arrows indicate the upper limits. The distribution of SFR/M H 2 . The red histogram represents upper limits of LSBGs and the blue histogram represents those detected molecular LSBGs. All LSBGs data are from our sample and previous works (Schombert et al. 1990; de Blok & van der Hulst 1998a; O'Neil et al. 2000; Braine et al. 2000; O'Neil et al. 2003) . The cyan histogram represents SF galaxies (Jiang et al. 2015) . The arrows means upper limits.
-25 - -27 - c For AGCNr102981, we did not derive its Hα flux from our observation.
d For NGC 7589, the SFR Hα is calculated by SDSS spectra (Subramanian et al. 2016) .
